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__fhts paper presents a fraaewor the 
virions roles and stracfcares for conpater graphics _in_grbdp 
co«manication, and disca^ses three basic types of design decisions 
^hat need to be addressed in using. such graphics systems: (1| Hbv are 
*:he systeins to be integgrated in the group cbimunicattbn activity? 
i2) How are the systems. to 'be structured tb^prbmbte exchange of 
graphical imaaes? and nV what level o.f primittye 

facilitate this exchange? ft discussion of the evaluation of graphic 
communication includes examples of t of task-related 

guestions that can_be used to determine the mostvjippropriate graphic 
communication structure, for a particular group p||oblem solving tislc. 
Ten. references are cited. CAuthor/LLSI 
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' . . . GRAPHIC GQMMUNieATieN. IN A GROUP SETTING 

■ ,• 

^ . .: .... ■ • ^ . : ^_ . ... J 

- - ^ : - Hubert. tipinski and Robert P^ Plumf 

* * ' : Institute for the -Future 

^ * ' Menlo Parkj California 

V Abstract. This paper presents a fparTtework for ajTaerstanding the various roles 
'and structures for computer graphics ih gr^oup cdmmuhica^^ We discuss three ^ 
. baisic types of design decisions that need to be addre^ed in using such graphics^ys- 
terns: How are they to integrated in the group communication activity?; How 
. . are they to be structured to promote ^Jcch'anfle of graphical images? And what level 
; of primitives is nefeided to facilitate this exchange? Fihaiiy, we postulate- some ques- 

: ' tiohs whose answers can;help evaluate what type of graphic cdmrriuhication system 

^ would b^.mgst appropriate- for the grd^^ 



INTRBEiyeTieN 



Oyer the past two and a half years, the Institute for Ehe^ Future has been develop- - 
ing a computer-based group co/nmi^hication system, to suppoi* modeling activities, (i) 
In designing this system, we recognized the, need for graphi^as well as verbal (text- 
bas|^) commuhication in modeling applications. The liter^ure on modeling and 
gn'grpup communicatibh kippbrts this ' 



* Those ^hb work as facilitator^ of grbUp communicaH^ have also stressed 
the value^of graphic communicatibri fbr grbup problem: scflving, not only for diiplaying 
information, but also for d6veloping condep.ts; Fw exarnple,' Geoffrey Ball^ whb 
works as a.cbhflict resblutibh consultant, claims that:: ^ferapFnc displays enable task- 
oriented groups ta work together more effectively (as measured by prbduct quality 
and member satisfactibh) than does verbal cpmrnunidatron alone." (3) Commenting 
pn group dynamipiari^Vvisual t ^ 



Many iridividuals heed tb draw while they talk in qrder^ ^ 

to express theit ideaSi • i.; to talk as br^^ draws means to 

; • . - . ^ ■ • ■ . . 

r - • . . ■ ■ . .. , 

/ ■ • ; • . ■ ■ " r 

& • ■■ ^ ■ . --^ ' ' 
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reason as one perceives;, to define as one designs; and to iritel- * 
lectualize as one irituits. ... A basic approach to group dy- 
nam ics in problem-sdlving situations he^ 
' ; ; \ tjnity of perception * ; 

; only on the intellectual, defining processes, in which thought, 
r products have been finalized prior to discussibh^ahd the re- 

sponse^ pattern of one member has no way to interact with • 
. ' • ' . the response pattern of aoother, we want to bring into play 

: ' the intuitive, perceptual processes of each member, ahd'have V 
^ the group develop thought products together* (4) 

. « ** ■ ' 

*■ ' 

Alt of these perspectives suggest that text-based communication alone is inade- 
quate for many problem-sdlving situatidris--that ah effective group cbc*imuriicatioh 
medium should support graphic commu * 

edMPUTER GRAPH ICS ' 

A substantial amount of work has been done dh the theory and techniques for 
cdmpcjter generation of graphic images, fvlost relevant is the development df a number 
of graphics systems dr "packages" designed to simplify the picture-geherftion process 
for the user. (5) A "typical" system has the following characteristics: 



• 



It consists of a set df subrbutihes that can be called from a high-level host ' 
language, usually FORTRAN*- V < : 

-' ' ' ^ ^ 

Applications programs use the computatidnal capabilities §hd cbritrbl struc- 
tures of the host language. ■ ^ 

The graphics subroutines aHow objects to be constructed' dut of points, 
lines, and curves called ."primitives"; they perform object H*ahsforrT\ations 
^such as rotation, translation, and scaling; they alldw text to be displayed ^ 
a$ part df the picture; and they fM^ovide some capability for graphing numeri- 
cal data; ^ 



The system can be run on several different host computers. 

^ -- < ' ^ . ^ 

The.system exhibits some degree of device-ihdepehdehcpj'that is, it can 

prbduce^^mctures on more than one kind of output device (for example, i 

CRT, pl^er, dr printer). - 



- While all of these characteristics cah b^ desirable-in graphic communication, 
for many users; it is inappropriate to require the use of a prbgramrriihg lehguage 
in drSer to prbduce grapffibs. An alternative is suggesti'd by work.in the area of 
computer-aidedldesign (CAD). (iS) ' . 

<CAD systems are normally interactive. The iKser constructs a picture out of 
basic "building . blocks" that might appear around the perimeter of a CRT display.^ 
A device such as^ light pen, joystick, or. tablet is used to select items and position 
them in the picture. When the picture is "complete, it may be given a name and saved 
. for later display; modificatidh, dr inclusion as (3 art of another picture; CAD.systems 
for; tasks such as circuit design have the oapability not dnly td prdduce a picture 

of a circuit, but also td simulate its operatic 

• ■ • ■ ■ , I ■ ' ■ > 

_ _ ^ • # " , ■ . -IV " . . '; 

Althdugh CAD systems provide sophisticated gM^ 
all are single^user systems; thus, they dd hot address the questions that arise when 
,a group of uSei^ |hares a visual space in order to create, mddify, view,^ahd discuss 
^ graphic jmiges. In additidh, m^y CAD systems operate on expensive, specialized 
terminals that are not accessible to the^ner^ ^' 



. y DESIGNS FOR GROUP GRAPHIC COMWUNICATICN ^ 

* " ■ ■ « - ' 'i - ♦ 

Three basic decisidhs must be;made in implerrieritirig a graphic comrriurrtcation 
system designed for group use: ^; 

• How is. the graphids system to be integrated ihtd the tisk require 
; of the group? - ^ ; / v 



• How is the graphic commuhicatidircdmpdheht str'uctu^ the 
{y "^Dup^ desired goals? ^ ■ " ; 



■ . ^ -4- • 



i What'lsyel of primitives is appropriate to the task at haBd? / 
• • . ■ . ' ■ . . * ■ • . * • li"* 

Graphic communication is not an end in itself, but r^Her one of the modes 
of cdmmuhic#Udh Used i)y a group involyedin a^articuiar probteni-solvin^activi^^ 
As^ifch, it is one component of a larger cbmrTiUhication structure that emphasizes 
the t^^-oriented focus of the ^up activity* Graphic communicatidn may be desired 
for any number of reasdhs--fdr simple-graphs or illustra^icDns^ b^part of 
a report, for flowcharts of precedes; for plans of a structure bilpiece of equipment 
to be built^ etc. Clearly,' the role graphics are. to play will e>rert a^trongfinfluence 
on the systems designer trying to integrate graphic^ into a groUp communibafion 
setting. ' ' ■ ^ ^ . 

When graphics have^een integrated Jntd the c&mmUnicatibhs 'activrty of the 
group, one rriUst still Understand how the component actually will be used. The 
pripary alternatives are synchrdndus Use^ asyhchrbhbus use, or a mixture of both--with 
dr without a parallel channel for text (or voice) cornmunication. The graphics may * 
also be presented and stdred in a number bf formats. Basic, design decisibns involve 

•when to store previous versions, how to differentiate varidUs pictures, and wh.at 

- _ _ _ - _ ^ _ _ ^ ■ * 

to stdre--all quite dependent on the partrpuiar task of the group. ' " 

Even though the graphics package will produce the same image fdr a wide spec- 
trum of low td high primitive defihitibris^ all levels of definition rnay not be of equal ^ 
use to the §foup involved in the graphic communic.atidh prdcess. The group generally 
needs td discUss the graphic image and therefore needs convenient handles to develop 
and sustain their ideas. .Thus, Idw-Jevel primitives sUch as defined by the GDRE 
system might prove cumbersome if they formed the basfs of a problem-fdcused discus- 
sion. ' . V 

A number df existing graphic communication systems can be analyzed in relation 
Vtb these three basic levels of design decisidhs. One example is the picture language - 
7 used by the Electronic Information Exchange System (EIES) at the New Jersey Ihsti- 
tute-of Techndldgy.. (7) Here the graphics, are e^mbeBded in text and thus are inte- 
grated into the electronic niesage exchange and ddcumeht preparation capabilities 
;Qf the EIES system. Because of the time needed -to create images, the graphi cs seem 
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,Jrnore suited td asyhchrdhbUs use. The primitive are fairly low-level bdt are .expand- 
able upward and can be used from hard-copy terminals- Andther recent example 
of grapfhics embedded in text but more'fcDCused to document preparation .is a. system 
at Lawrence Livermore Labbratdry. (8) 

Graphicis systems: that feature a shared visual space are adapted more toward 

^ __ . . _ »>,....'. 

synchronous use. Such systems geno'ally have a cdmmdn or su*bdrvided visual sjDace 

and use advanced graphics terminals for input' and output qf graphical data. An ex-^,' 

ample is the network-oriented color graphical - cdhf erericihg system beii^g built at *^ ' ' 

- : _ __ _ • • . ■ ■ ' . 

'the Rand Corporation. (9) This type of approach is somewhat less integrated than 

graphics embedded in text^ with the result thatth^ graphics mo^de of cbmmunSation ^ 

is emphasized over the task activity. ^ . V' — - ' 



* Another ^approacl^is-^4^yi»rid system cbmbihihg the ihtegj^^ion/asynchro- 

ribus butput^ of graphi^ embedded in text w|thjhe synchronous- capabilities df the \ 
Shared visual space . _ This h as been the approach foli'o'^ed.in the graphic communica- 
tion.subcomponent of the HUB system developed at thi^ Institute fdr the Future. i 

The design of the shared visual space cdmpdrieht ih^he HUB system allo^^ 
users to create or modify graphic images jointly. Dur^g this process, they may 
exchange text-based messages^ arid at the cbriclusiqri of the probed, the picture ^ 
and accompanying comments are shared as.a^ingle entry in a cdmputer-based corifer- 
'encing transcript. Thus^ the HUB system attempts to make, a Imooth transition be- 
tween synchronous/asynchronous use df graphic cdmmuriicatibri as well as ihtegratihg 
that cbrhrriunicatiSn with other types of-communicationi 

HUB allows one not only to create new pictures but also to modify exist irig 
pibtures that have been stored in the activity. Sinbe at the end of each picture-modifying 
session one is giyen the optldn of storing the resulting picture primitives (as well 
as- the comments generated during the picture development process), these picture 
primitives can theri be used as input in a future session with either the last or indi- 
bated vereion being modifiied. * * 



. Tlie shared visual space capability in the HUB system is designed to be independ- 
^ eht of the package supporting the^ graphics,. thus alldwihg ah optimal choice of prirrii- 

tives. The only requirements, imposed on tlje package are that the graphic image *, 
i:z:^?*^°^^^^i3;S®^^jf 5^ td anisaving 3:^ : 

final graphical product can be accomplished through a file of such primitives. 

»-. J ' ■ ■ ■ ' ■ ■ - 

EVAbOATI NG GRAPHIC COM MUNICATION 

. Since there, is no optimal structure for graphic communication, appropriate 
structures must be matched to various tasks. For example, a prdblem-.sblvirig process 
basically involves t^jp^ypes of graphics: graphics jto help conceptualize in the problem 
formulation phase and graphics to- aid in. the analysis of results. (10) Similarly, the 
appTdpriateriess of a graphic communication structure is dependent on the specific 
task for which it is used. ^ 



• In our earlier work iri computer conferencing, we developed a taxonomy of 
group commanication with^four r^jx5r categories: medium, group characteristics, 
individual personalities, and tasks. Staftihg from this taxonomy, one can systemat- 
ically ask about the effects of graphics systems bh grb^p commuriication. The follow- 
ing task-related questions are particularly interesting: For what tasks will the system 
be most commonly used? What is the effect of the graphic capability on the tasks? 
What portions of a task rely heavily on the graphic capability, arid what portions- 
seem^ ^ rtsquire text, voice^ video, etc.? How does the graphic capability change 
the nature of any given task? Regarding the group adynamics, who assumes leadership 
^Vi this kind of communication? What sSe leadership tasks? What are other typical 
roles? Are there some users who always make ehangi^s in the picture itself while ^ 
othere reserve their comment for text messages only? How do us ei^ negotiate changes 
in a picture, arid how to they decide when it is complete? What are users^perceptibris: 
about ownership of pictures? there sufficient congruence in the conception of 
a graphic image to allow a ^oup'to work with a single, shared picture? 

Answers to these. types of questions can help defirie the role, structure^ arid 
primitives requireriierits of graphic coriiriiuriication. ' . 



CQNGbUSIQN 



We have tried to present a frameWbiJ: for understanding and evaluating the 
various rol^^ and .structures for graphic- communication. By placing' graphic communi- *^ 
^^^cation.iq .a iai^er one may focus oh^he saitabiiity of various communication * 

structure^ and the choice of the dptimia. ISvel of primitives for a particular problem-* 
solving task. * - .' 1 1- . .. ' 
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